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of radiolarians, but there is no chert sequence in the Upper
Permian rocks of northwestern Iran. The Shammar
Member has abundant nodular and bedded cherts. Thus, in
the present study, two stratigraphic sections of the
Sham mar Member in south of the Aras Dam, western Jolfa
Region, one stratigraphic section of the Shal1lmar Member
and one stratigraphic section including the Selgord and
Sham mar members and the Ali Bashi Formation at Kuh-e-
Ali Bashi, eastern Jolfa Region were lithostratigraphically
and biostratigraphically examined.
The present study is the first record of Late Permian
radiolarians from Jolfa Region, Northwestern Iran. No
previous studies have been carried out on the Late Permian
radiolarians in this region.
2. Historical Review and Geological setting
The type section of the Upper Permian rocks in the
Jolfa Region is located in the Ali Bashi Mountain (Kuh-e-
Ali Bashi), about 9 km west of Jolfa, where they have a
thickness of 518 meters with Guadalupian to Dorashamian
age (Stepanov et al., 1969; Teichert et al., 1973) and were
correlated to the Upper Permian rocks in Azerbaijanian
Jolfa. The lower boundary of Permian rocks in the Jolfa
Region is faulted. On top, the Elikah Formation (Lower to
Middle Triassic) overlies conformably the Upper Permian
rocks (Fig. 3f) and Permo-Triassic boundary is rather
continuous (Stepanov et al., 1969; Golshani et al., 1986).
Stepanov et al. (1969) described Permian and Triassic
rocks at Kuh-e-Ali Bashi and introduced the Ginishik and
Khachik beds (Arakelian, 1964) as Guadal upian and the
Julfa Beds (Frech and Arthaber, 1900) as Dzhulfian. In the
later stages they also included the lowermost unit
(Phisonites-Comelicanina Assemblage Zone) of their
"Permo-Triassic transition beds". In the zonation of the
upper part of tbe "Permian-Eotriassic transition beds" by
ammonoid genera, Stepanov et al. (1969) adopted the
scheme proposed by Shevyrev (in Ruzhentsev and
Sarycheva, 1965).
Teichert et al. (1973) studied large fossils of the
"Permian-Eotriassic transition beds" of Stepanov et al.
(1969) and assigned a Dorashamian age for these beds.
They introduced the Permo-Triassic boundary on top of
Paratirolites beds and proposed the name Ali Bashi
Formation (Fig. 3f) for the lithology unit that lies between
the top of the Julfa Beds and the base of the Elikab
Formation, including tbe Phisonites Zones as well as the
Paratirolites limestones (Figs. 3f, 3g).
Bolourchi and Saidi (1989) have named the Permain
strata and Permian-Eotriassic transition beds in south of the
Aras Dam, western Jolfa Region as llanlu Group that
includes the Dorud Formation (Early Permian), the Ruteh
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Formation (Murgabian), the Nesen Formation (Late
Murgabian-Djulfian) and the Ali Bashi Formation
(Dorashamian). The Elikah Formation conformably covers
this group. They considered the Permian strata at Jolfa
Region, as a lateral facies of the Alborz Range and used
Permian strata names in the Alborz Range for introducing
the Permian strata in the Jolfa Region.
Partoazar (1995, 2002) studied the Permian rocks on
the western flank of the Kuh-e-Ali Bashi, just nOlth of the
Selgord village. He proposed the names of Selgord and
Shammar instead of Ginishik and Khachik and introduced
Selgord and Shammar as members of the Jolfa Formation.
The names of Selgord and Shammar are derived from the
Selgord and Shammar villages near the Ali Bashi type
section (Fig. 1). Therefore, the names Ginishik and
Khachik beds are omitted and the Selgord and Shammar
members are proposed in their place, as members of the
Jolfa Formation. According to the microfauna investigation
of the Selgord Member (Ginishik Beds) and the Shammar
Member (Khachik Beds), he suggested an Early Djulfian
age for the Jolfa Formation. A close correlation exists
among the microfauna of the Jolfa, Nesen and the Abadeh
formations, including a similar benthic fauna from Djulfian
of the Nesen and Abadeh formations in the Alborz (North
Iran) and Hambast (Central Iran) Ranges (Partoazar, 2002).
The Jolfa Formation was introduced and accepted by
the National Stratigraphic Commission of Iran in 1995
(Partoazar, 2002) and Early Djulfian age has been assigned
to the Jolfa Formation. The Jolfa Formation consists of
marls, marly limestones, bedded cherts and cherty
limestones (fusulinids, corals, brachiopods, gastropods and
conodont-bearing), and is correlated with the
Codonofusiella-Reichelina Zone (Stepanov et al., 1969;
Vaziri et al., 2005). This formation is equivalent to the
Nesen Formation (Glaus, 1964) in the Alborz Range
(North Iran), the Abadeh Formation (Taraz, 1969, 1974;
Partoazar, 1995) in Central Iran, middle part of the Dalan
Formation (Szabo and Kheradpir, 1978; Baghbani, 1990)
in the Zagros Range (southwestern Iran) and upper part of
the Jamal Formation (Stocklin et al., 1965; Partoazar,
1995; Aghanabati, 2004) in the Shotori Range, Tabas area,
eastern Iran.
The Ali Bashi Formation (Teichert et al., 1973)
consists of marls, shales, shaly limestones and red, nodular
Paratirolites bearing limestones (Stepanov et al., 1969),
which is correlated with the Araxilevis-Orthotetina,
Pseudogastrioceras-Permophricodothyra, Haydenella-
Pseudowellerella and Phisonites-Comelicania zones
(Stepanov et aI., 1969) with Late Djulfian age and
Tompophiceras, Dzhulfites, Bemhardites and Paratirolites
zones (Ruzhentsev and Sarycheva, 1965; Stepanov et aI.,
1969) with Dorashamian age. The Permo-Triassic
boundary is on top of Paratirolites Zone (Teichert et al.,
1973).
The Ali Bashi Formation is equivalent to the Hambast
Formation (Iranian-Japanese Research Group, 1981) in
Central Iran and the upper part of the Dalan Formation
(Szabo and Kheradpir, 1978; Baghbani, 1990) in the
Zagros Range, southwestern Iran.
The latest investigations show that relatively
continuous sedimentation occurred throughout the Upper
Permian to the Lower Triassic successions (Kozur et al.,
1975; Tozer, 1979; Sweet, 1979; Bando et al., 1980) and
the uppermost Permian is represented by Paratirolites kittli
Zone (Golshani et al., 1986). Here the onset of
Griesbachian is marked by the presence of the conodont
Hindeodus parvus Zone, followed by the ammonoids
(Ophiceras, Lytophiceras), bivalves (Claraia clarai,
Claraia stachei, Claraia radialis julfensis) and conodont
Isarcicella isarcica. This is followed by Gyronites sp. and
Claraia aurita of Early Narnmalian (Golshani et al., 1986).
But Iranian-Japanese Research Group (1981) reported that
lower Otoceras woodwardi Zone means Anchignathodus
typicalis Zone is missing through the Early Triassic (lower
Elikah Formation) of the Jolfa area that indicating a
paraconformity between the Permian and Triassic.
According to Partoazar (2002), the appearance of
Clarkina changxingensis (Wang and Wang) Zone from the
uppermost Paratirolites beds of the Kuh-e-Ali Bashi in
northwestern Iran, eastern Shahreza and Hambast
Mountains in Central Iran indicates a Late Dorasharnian or
Changhsingian age. Lower Triassic Griesbachian,
conodonts Hindeodus minutus (Ellison), Hindeodus
typicalis (Sweet), Hindeodus parvus (Kozur and
Pajatakova), and Isarcicella isarcica (Huckriede) represent
the lowermost Griesbachian Stage.
3. Study sections
3.1 Aras Section
The Shammar Member (Khachik Beds) in the Aras
section occurs south of the Aras Dam (Southeast Ilanlu
village) with the following coordinates: N 39'.01' .147"; E
48'.18' .865" and consists of grey, medium to thick-bedded
fossiliferous limestones, cherty limestones (containing
chert nodules) and dark-grey, medium-bedded cherts with
corals, brachiopods and bryozoans (Figs. 2a, 2b). This
member attains a thickness of up to 101 meters and
overlies conformably the Selgord Member (Ginishik
Beds), and on the top it is covered conformably by the Ali
Bashi Formation (Late Djulfian-Dorashamian). The
bedding of the member shows N 84' E strike and 15' NW
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dip and due to the facies characteristics it is subdivided to
three submembers (Fig. 4). The rich foraminifera fauna
indicates an Early Djulfian age of the member.
This member includes the following microfossils (thin
sections no. Ar-2A, 8A, 20A, 28A, 33A, 36A, 38A, 40A):
Foraminifera: Baisalina pulchra Reitlinger, Climacammina
sp., Codonofusiella sp., Cribrogenerina sumatrana (Volz),
Frondina permica De Civrieux and Dess., Geinitzina sp.,
Geinitzina postcarbonica Spandel, Kahlerina pachytheca
Koch. Devide et Ramovs, Langella sp., Langella conica
De Civrieux and Dess., Langella perforata (Lange),
Neoendothyra sp., Neoendothyra parva (Lange),
Neoendothyra broenimanni Bozorgnia, Neoendothyra
reicheli Reitlinger, Parafusulina sp., Paraglobivalvulina
sp., Paraglobivalvulina mira Reitlinger, Tuberitina sp.,
Pachyphloia cukurkoyi De Civrieux and Dess.; Algae:
Permocalculus sp.; Cyanobacteria: Tubiphytes obscurus
Maslov.
Alipour (2001) reported the following microfossils
from submembers 1 and 2 of the Shammar Member in the
study section that also indicated an Early Djulfian age for
the submembers: Foraminifera: Aoujgalia sp., Baisalina
pulchra Reitlinger, Cribrogenerina sumatrana (Volz),
Cryptosetida anatoliensis De Civer. & Dess., Codonofusiella
sp., Deckerella composita Reitlinger, Geinitzina taurica
De Civer. & Dess., Langella cukurkoyi De Civer. & Dess.,
Nankinella orbicularis Lee, Neoendothyra broenimanni
Bozorgnia, Neoendothyra reicheli Reitlinger, Pseudotristix
solida Reitlinger, Pachyphloia iranica Bozorgnia,
Paraglobivalvulina mira Reitlinger, Tuberitina sp.; Algae:
Gymnocodium sp.
3.2 nanlu section
The Shammar Member (Khachik Beds) in the !lanlu
section occurs south of the Aras Dam (northern !laniu
village) with the following coordinates: N 39".03' .871", E
45".17' .921" (Fig. 1). The Shamrnar Member in the study
section attains a thickness of up to 81 meters with Early
Djulfian age. This member overlies conformably the
Selgord Member (Ginishik Beds), and on the top it is
covered conformably by the Ali Bashi Formation (Fig. 2c).
The bedding of the member shows N 280" W strike and
54 0 NE dip and due to the facies characteristics it is
subdivided to four submembers (Fig. 4). This member
consists of dark-grey, medium-bedded to massive
fossiliferous limestones, cherty limestones (containing
chert nodules) and medium-bedded cherts with corals and
gastropods (Fig. 2d). The rich foraminifera fauna indicates
an Early Djulfian age of the succession.
This member includes the following microfossils (thin
sections no. Il-3A, l1A, 20A, 24A): Foraminifera:
Baisalina pulchra Reitlinger, Codonofusiella sp.,
Codonofusiella cf. erki Rauzer, Dunbarula sp., Dunbarula
cf. nana Kochansky-Devide and Ramovs, Endostaffella
sp., Eostaffella sp., Eostaffella mirifica Brazhnikova,
Globivalvulina sp., Globivalvulina vonderschmitti Reichel,
Pisolina excessa Lee, Omphalotis? sp., Staffella sp.,
Tuberitina sp.; Algae: Gymnocodium sp., Mizzia
velebitana (Schubert), Vermiporella sp., Vermiporella
nipponica Endo; Cyanobacteria: Tubiphytes sp.,
Tubiphytes obscurus Maslov.
3.3 Ali Bashi section 1
The Shammar Member (Khachik Beds) of the Jolfa
Formation in the Ali Bashi section 1 occms along the Kuh-
e-Ali Bashi with the following coordinates: N
38".55' .313"; E 45" .31' .259" (Fig. 1). This member with
a thickness of 62 meters overlies conformably the Selgord
Member (Ginishik Beds) of the Jolfa Formation and on the
top the Ali Bashi Formation covers it conformably. The
bedding of the member shows N 328" W strike and 28" NE
dip.
This member consists of dark-grey, thin and medium-
bedded fossiliferous cherty limestones (containing chert
nodules), fossiliferous limestones with intercalation of
few dark-grey, bedded chert in the upper part (Figs. 2g, 2h,
3a) with Early Djulfian age. On account of the facies
characteristics, it is subdivided into three submembers
(Fig. 4).
3.4 Ali Bashi section 2
The Jolfa Formation in the Ali Bashi section 2 occurs
along the Kuh-e-Ali Bashi with the following coordinates:
N 38".54'.722"; E 45".30'.850" (Fig. 1). The study
section includes the Selgord and Shammar members and
attains a thickness of up to 360.5 meters. The Ali Bashi
Formation (18.5 m) covers the Jolfa Formation conformable
and consists of dark-violet, thin-bedded shales, marly
limestones, marls and red, medium-bedded nodular,
Paratirolites bearing limestones in the upper part (Figs. 3f,
3g). The bedding of the Jolfa Formation shows N 319" W
strike and 29" NE dip.
The Selgord Member (Ginishik Beds) in the study
section consists of dark-grey, medium and thick-bedded
cherty fossiliferous limestones with few chert nodules and
bedded cherts in the lower part (Figs. 2e, 2f). This member
attains a thickness up to 122.5 meters with Early Djulfian
age and on account of the facies characteristics, it is
subdivided to three submembers (Fig. 5).
Partoazar (1995) reported the following microfossils
from the Selgord Member at Kuh-e-Ali Bashi that indicate
an Early Djulfian age for the member: Foraminifera:
,c'
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Fig.2 (a, b) Alternating grey limestones and bedded cherts of the Shammar Member (submember I), Aras section.
(c) Showing location of the I1anlu section in south of the Aras River, Northwestern Iran, photo is looking to
NE. (d) Chert nodules in limestone of the Shammar Member (submember 4). Ilanlu section. (e) Alternating
limestones of the Selgord Member (Ginishik Beds), Kuh-e-Ali Bashi, photo is looking to SW. (f) Alternating
limestones and bedded cherts of the Selgord Member (submember I), Ali Bashi section 2. (g) Shalllmar
Member (Khachik Beds) in the Ali Bashi section I. (h) Chert nodules in limestone of the Shammar Member
(submember I), Ali Bashi section I.
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Fig.3 (a) Alternating limestone and bedded chert of the Shammar Member (submember I), Ali Bashi section I. (b)
Shammar Member (Khachik Beds) in the Ali Bashi section 2. (c) Chert nodules in the Sham mar Member
(submember I), Ali Bashi section 2. (d) Alternating limestone and bedded chert of the Shammar Member
(submember J), Ali Bashi section 2. (e) Alternating limestones and bedded cherts of the Shaillmar Member
(submember 7), Ali Bashi section 2. (f) The contact between the Ali Bashi and Elikah formations, Ali Bashi
section 2. (g) Red, medium-bedded nodular, Paraliroliles bearing limestones (submember 2) of the Ali Bashi
Formation, Ali Bashi section 2. (h) Alternating vermicular limestones, calcareous shales and marls at base of
the Elikah Formation.
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Agathammina sp., Agathammina subjusiformis Okimura &
Ishii, Aghathammina pusilla Geinitz, Baisalina pulchra
Reitlinger, Climacammina sp., Climacammina vavalinoids
Lange, Codonofusiella sp., Cribrogenerina sumatrana
(Volz), Dagmarita chanakchiensis Reidinger, Discospirella
plana Okimura & Ishii, Discospirella minima Okimura &
Ishii, Frondina permica De Civri. & Dess, Geinitzina sp.,
Geinitzina reperta Bikova, Glomospira sp., Globivalvulina
sp., Hemigordius sp., Globivalvulina vonderschmitti
Reichel, Ichtyolaria latilimbata Civri. & Dess, Hemigordius
ovatus Grozdilova, Hemigordius broennimanni Alt. et
Zann, Hemigordius ovata Grozdilova, Ichtyolaria
latilimbata De Civri. & Dess, Ichtyolaria cf. nessenensis
Bozorgnia, Kamurana bronnimanni All. Et Zann, Langella
sp., Langella peiforata Lange, Pachyphloia cukurkoyi De
Civri. & Dess, Pachyphloia iranica Bozorgnia,
Paraglobivalvulina mira Reitlinger, Protonodosaria
praecursor (R. Chern.), Reichelina cf pulchra Mikl &
Mclay, Sphaerolina sp., Staffe lla sp., Tetrataxis
nessenensis (n.sp.), Tuberitina sp.; Algae: Mizzia
velebitana (Schubert), Permocalculus sp., Vermiporella
nipponica Endo.
The Shammar Member (Khachik Beds) In the study
ection consists of dark- grey, thick-bedded cherty
fossiliferou limestone (containing abundant chert
nodules), bedded cherts and fossiliferous limestones with
fusulinids, corals, brachiopods, gastropods, and bryozoans
(Figs. 3b-3e). This member attains a thickness up to 238
meter with Early Djulfian age and based on the facies
characteristics it is subdivided to eight submembers (Fig.
5).
Partoazar (1995) reported the following nllcrofossils
frOITI the ShamITIar Member at Kuh-e-Ali Bashi that
indicate an Early Djulfian age for the member:
Foraminifera: Codonofusiella lui Sheng, Codonojusiella
nana Erk, Discospirella plana Okimura & Ishii,
Discospirella minima Okimura & Ishii, Frondina permica
De Civri. & Dess, Geinitzina sp., Geinitzina chapmani
Schubert, Glomospira sp., Globivalvulina vonderschmitti
Reichel, Hemigordius ovatus Grozdilova, Hemigordius
broennimanni (n. sp.), Hemigordius ovata Grozdilova,
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Fig. 5 Columnar section showing the horizons of radiolarian occurrence in the Jolfa Fonnation at Ali Bashi section
2, eastern Jolfa Region, Northwestern Iran.
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Ichtyolaria latilimbata Civri. & Dess, Ichtyolaria cf.
nessenensis Bozorgnia, Langella sp., Pachyphloia
cukurkoyi De Civri. & Dess, Protonodosaria praecursor
(R. Chen.), Robuloides sp., Tuberitina sp.; Algae:
Permocalculus sp.
4. Materials and methods
For study of radiolarian faunas, ninety-six chert
samples were collected from the Shammar Member
(Khachik Beds) at Aras section (numbered from Ar-l to
Ar-40) and l1anlu section (numbered from Il-l to 11-25) in
western Jolfa Region, and at Ali Bashi section l(numbered
from A12-1 to A12-31) in eastern Jolfa Region (west of
Jolfa). Also seventy chert samples, numbered from A13-1
to A13-70, were collected from the Selgord (Ginishik) and
Shammar (Khachik) members and three samples,
numbered from A13-71 to A13-73, were collected from
Paratirolites bearing limestones of the Ali Bashi Formation
at Ali Bashi section 2 in eastern Jolfa Region (west of
Jolfa). A total of one hundred and sixty nine samples were
used for the extraction of radiolmian fossils. These were
about 200 g to 300 g per sample.
All rock samples were immersed in a 5 % hydrofluoric
acid (HF) solution for 24 hours. After removing HF
solution, the residues were collected using 35 and 200
mesh sieves. In some samples, only a few radiolarian
fossils were obtained by one time HF treatment. To get
more fossils, the same treatment was conducted repeatedly
up to a maximum of seven times. The residues, in which
radiolarian fossils were concentrated by panning, were
mounted on a glass slide, a medium (Entellan new) added,
and covered with a cover glass.
Radiolarian specimens on slides were observed under
a transmitted light microscope. In case of necessity, a
scanning electron microscope (JSM-5500) was used to
observe and to take photographs of radiolarian specimens.
5. Results
Twenty chert samples yielded radiolarian faunas. A
total of fifteen species of Late Permian (Early Djulfian)
radiolmians were recorded that included nine species and
six unidentified species are systematically desclibed in this
paper. According to time unit, recorded radiolarians can be
con-elated with the Upper Permian radiolarian zones in
South China, Southwest Japan and Oregon, USA (Fig. 6).
Occurrences of radiolarian species characteristic of each
section are described below. Photomicrographs of
characteristic radiolarian species are shown in Plates 1 and
2.
5.1 Aras section
Forty chert samples, numbered from Ar-l to Ar-40,
were collected from the Shammar Member in the Aras
section. Nine samples yielded radiolarian faunas. These
samples yield foraminifers, ostracods, sponge spicules,
micro gastropods, bryozoans and radiolarians of the
Ampulla tubulata Rudenko et Panasenko, Copiellintra
fontainei (Sashida), Entactinia? sp. A, Entactinia? sp. B
and Spherical Radiolaria C (PI. 1, figs. 1-9). Their
horizons are shown in the columnar section (Fig. 4).
5.2 I1anlu section
Twenty-five chert samples, numbered from Il-l to Il-
25, were collected from the Shammar Member in the l1anlu
section. Only two samples yielded radiolarian faunas.
These samples yield foraminifers, sponge spicules and
radiolarians of the Entactinia? sp. A, Orbiculifonna? sp. A,
Orbiculiforma? sp. B, Spherical Radiolaria A, Spherical
Radiolaria B, Spherical Radiolaria C, Ellipsoidal
Radiolaria B and Ellipsoidal Radiolaria C (PI. 1, figs. lO-
IS & PI. 2, fig. 1). Their horizons are shown in the
columnar section (Fig. 4).
5.3 Ali Bashi section 1
Thirty-one chert samples, numbered from AL2-l to
AL2-31, were collected from the Shalnmar Member in the
Ali Bashi section 1. Only two samples yielded radiolarian
faunas. These samples yield foraminifers, sponge spicules,
ostracods, bryozoans and radiolarians of the Entactinia? sp.
E, Entactinia? sp. C, Raciditor? sp. and Spherical
Radiolaria C (PI. 2, figs. 2-5). Their horizons are shown in
the columnar section (Fig. 4).
5.4 Ali Bashi section 2
Twelve chert samples, numbered from A13-l to A13-
12, were collected from the Selgord Member in the Ali
Bashi section 2. Two samples yielded radiolarian faunas.
These samples yield foraminifers, ostracods, sponge
spicules, bryozoans and radiolarians of the Orbiculifonna?
sp. A, Spherical Radiolaria C, Ellipsoidal Radiolaria A and
Ellipsoidal Radiolaria C. Their horizons are shown in the
columnar section (Fig. 5).
Also fifty-eight chert samples, numbered from A13-
13 to Al3-70, were collected from the Shatnmar Member in
the Ali Bashi section 2. Five samples yielded radiolarian
faunas. These samples yield foraminifers, ostracods,
sponge spicules, bryozoans and radiolarians of the
Entactinosphaera? sp., Orbiculiforma? sp. A, Spherical
Radiolaria A, Spherical Radiolaria B, Spherical Radiolaria
C and Ellipsoidal Radiolaria C (PI. 2, figs. 6-15). Their
horizons are shown in the columnar section (Fig. 5).
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Fig.6 Time correlation of detected Permian radiolarians in North and Northwestern Iran with the Permian
radiolarian zones in South China, Southwest Japan and Oregon, USA.
Three samples, numbered from A13-71 to A13-73,
were collected from Paratirolites bearing limestones of the
Ali Bashi Formation. These samples did not include any
radiolarians.
Therefore, the Jolfa Formation in the study sections
yields radiolarians of the Ampulla tubulata, Copiellintra
fontainei, Entactinia? sp. A, Entactinia? sp. B, Entactinia?
sp. C, Entactinosphaera? sp., Orbiculiforma? sp. A,
Orbiculiforma? sp. B, Raciditor? sp., Spherical Radiolaria
A, Spherical Radiolaria B, Spherical Radiolaria C,
Ellipsoidal Radiolaria A, Ellipsoidal Radiolaria Band
Ellipsoidal Radiolaria C. These radiolarian faunas
according to time unit can be correlated with the
Follicucullus bipartitus-Follicucullus charveti Zone in
southeast Guangxi, South China (Wang et ai., 1998),
Neoalbaillella ornithoformis Zone in Dachongling section,
South China (Sun et al., 2002), Follicucullus charveti-
Albaillella yamakitai Zone in Southwest Japan (Kuwahara
et al. 1998) and Neoaibaillella ornithoformis Zone in
Oregon, USA (modified from Blome and Reed, 1992),
which are shown in Fig. 6. Also, the detected radiolarians
are correlated with the Codonofusiella-Reichelina
foraIIliniferal Zone (Stepanov et ai., 1969; Vaziri et al.,
2005), and the age is assigned to Early Djulfian (Fig. 7).
The biostratigraphy analysis of the Codonofusiella-
Reichelina Zone of Nakhichevan (Republic of Azerbaijan)
and Armenia further supports the attribution of this zone to
the Shammar Member.
6. Discussion and Conclusions
PerIIlian rocks of Iran consist mostly of fossiliferous
carbonate facies belong to shallow marine environments
and containing abundant foraminifers, conodonts,
brachiopods, corals and other macrofossils. Until now
biostratigraphical studies of these rocks had been carried
out by the study of above fossils and it was thought that the
Permian sea in Iran did not have suitable conditions for
radiolarians and very probably the PerIIlian rocks of Iran
did not have radiolatian faunas. But the first author's (S.
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Fig.7 COlTelation of detected Permian radiolarian with Permian biozon in th Shalamzar area, Central Alborz,
North Iran and Jolfa Region in Northwest m Iran.
H. Vaziri) tudie on the Permian rocks of Central Alborz,
North Iran (Vaziri et aI., 2005) and Upper Permian rocks
of northwe tern Iran (pre ent study) how that Permian
rock of Iran have radiolarian fauna , though their
occurrence i rare.
In the pre ent study are detected fifteen pecies of
Late Permian (Early Djulfian) radiolarian from the Jolfa
Formation that include the Ampulla tubulata, Copiellintra
fontainei, Entactinia? sp. A, Entactinia? sp. B, Entactinia?
p. C, Entactinosphaera? sp., Orbiculiforma? sp. A,
Orbiculiforma? p. B, Raciditor? sp. Spherical Radiolaria
A, Spherical Radiolaria B, Spherical Radiolaria C,
Ellip oidal Radiolaria A, Ellipsoidal Radiolaria B, and
Ellip oidal Radiolaria C. These radiolarian fauna are
correlati e with tho e of outh and southwe tern China,
ea tern Thailand central and outhwe t Japan, Malaysia,
Turkey ( Anatolia), Russian Far Ea t, North Am rica,
Philippine and Italy (western Sicily).
The occurrence of Orbiculiforma? sp. A, Orbiculiforma?
p. B, Spherical Radiolaria A, Spherical Radiolaria B,
Spherical Radiolaria C and Ellipsoidal Radiolaria A were
reported al 0 from the Ruteh Formation (Artin kian-
Murgabian) in the Shalamzar area, Central Alborz, orth
Iran by Vaziri et al. (2005) for the fir t time.
According to tilne unit, all recorded radiolarian can
be conelated with the Upper Permian radiolarian zone in
South China, Southwe t Japan and Oregon, USA and al 0
are correlated with the Codonofusiella-Reichelina
foraminiferal Zone (Stepanov et al., 1969; Vaziri et al.,
2005). On the basi of the above-mentioned conelation
and index foraminifer's age of the Jolfa Formation, the age
of detected radiolarian faunas i assigned to Early Djulfian.
Compar d with Iran, several Permian radiolarian
fos ils have now b en reported from siliceou mud tone
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siliceous shale and bedded cherts of Permian rocks in east
and Southeast Asia such as China, Thailand, Malaysia, Far
East of Russia, Philippines, South Korea and Japan. These
are thought to have been deposited in deep pelagic or
hemipelagic environments and can be used to infer the
position of oceans that previously existed and also have the
potential to elucidate paleogeography and tectonics (e.g.
Metcalfe et ai., 1999). Penman rocks of east and Southeast
Asia consist mainly of fusulinid-bearing limestones
belonging to a shallow marine environment; bedded cherts,
siliceous claystone, siliceous shale and siliceous mudstone
belonging to deep pelagic to open-oceanic environments of
Paleo-Tethys and Panthalassa. Penman radiolarians were
detected mainly from bedded cherts and fine-grained
clastic deposits belonging to deep pelagic or hemipelagic
environments and the radiolarian assemblages have high
diversity in the number of species obtained from chert
samples. Therefore, somewhere in east and Southeast Asia
there were suitable conditions for radiolarians during
Permian time (especially in Japan). As against this, all
Permian rocks of Iran are composed mainly of continental
and transitional clastic rocks in the lower part and shallow-
water limestones in the upper part that only Artinskian to
Lower Djulfian limestones containing chert nodules and
beds. There is no chert sequence. Basically, shallow-
water cherts do not have abundant radiolarians compared
with deep-water cherts. Although radiolarians can live at
all depths in the water column but are most abundant in the
upper few hundred meters (Petrushevskaya, 1971). It may
be suggested that each lithofacies was related to the
appearance of a suitable environment for each organism.
Deep pelagic to open-ocean environments have
suitable conditions for radiolarians and radiolarians show
good distribution in these environments. Radiolarian-rich
cherts were deposited in deep basins with relatively low
sedimentary rate. Radiolarian blooming and/or supplying
siliceous materials, such as tuff, may also cause the
deposition of cherty beds. Sea level change may also be
related to the change in depositional environment
(Kuwahara et ai., 2004). In these areas, the radiolarian
assemblages through the Permian are similar. This may
indicate that the Paleo-Tethys and Panthalassa Oceans
were connected (Gatinsky and Hutchison, 1986) by
seaways at this time and the same oceanic circulation
system shared.
As yet neither pelagic nor even oceanic Permian rocks
were known from the Iranian Paleo-Tethys. The only
exception was that by Kozur and Mostler (1991), who on
the basis of conodonts, dated red radiolarite intercalations
in pillow lavas from Fariman in northeast Iran as
Kungurian. This was the first dating of Permian mid-ocean
ridge basalt from the Paleo-Tethys. Examination of red
chert samples of these pillow lavas proved the lack of
detenmnable radiolarians.
The present study also shows that relative ratio of
radiolarians to sponge spicules of samples changes through
the studied sections. In each sample that ratio of sponge
spicules increases together with the amount of lithic
fragments, radiolarians decrease or disappear. It is may be
related to global environmental changes.
It is probable that the Penman sea in Iran with many
kind of organisms such as formmnifers, conodonts, algae,
brachiopods and corals, had no abundant radiolarians and
the presence of numerous and diversity of radiolarian
skeletons in Penman rocks of Iran m'e scarce. However for
final one conclusion is needs to carry out more studies on
the Permian sediments of Iran in other areas such as
eastern, central and southwestern Iran.
7. Systematic Paleontology
All specimens described in this paper are deposited in
Earth History laboratory, Department of Geosciences,
Graduate School of Science, Osaka City University, Japan.
Spherical Radiolaria A
(PU, fig. 10 & PI. 2, fig. 6)
Description: Shell is spherical to subspherical in shape
with fine pores. Pores are subcircular to subelliptical. Most
species have some big pores.
Measurements (in .urn): Diameter of shells is "between
190 to 215". Mainly 210. Average of diameter is 204.
Age: Late Permian (Early Djulfian).
Locality: (1) Jolfa Formation (Shammar Member), Ilanlu
section (smnple Il-23), south of the Aras Dam, Northwestern
Iran. (2) Jolfa Formation (Shmnmar Member), Kuh-e-Ali
Bashi (section 2; samples Al3-19, Al3-36), west of Jolfa,
Northwestern Iran. This species is also reported from the
Ruteh Formation (Murgabian) in the Shalamzar area,
Central Alborz, North Iran by Vaziri et ai. (2005).
Occurrence: Worldwide.
Spherical Radiolaria B
(PU, fig. II & PI. 2, figs. 7)
Description: Shell is spherical to subspherical in shape
with fine pores. Pores are subcircular to subelliptical. Most
species have some big pores.
Measurements (in .urn): Diameter of shells is "between
185 to 210". Average of diameter is 200.
Age: Late Permian (Early Djulfian).
Locality: (1) Jolfa Formation (Sharrunar Member), Ilanlu
section (samples II-18, II-23), south of the Aras Dam,
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Northwestern Iran. (2) Jolfa Formation (Shammar
Member), Kuh-e-Ali Bashi (section 2; sample A13-36),
west of Jolfa, Northwestern Iran. This species is also
reported from the Ruteh Formation (Artinskian-
Murgabian) in the Shalarnzar area, Central Alborz, North
Iran by Vaziri et al. (2005).
Occurrence: Worldwide.
Spherical Radiolaria C
(PI. 1, figs. 1,2, 12 & PI. 2, figs. 2, 8)
Description: Shell is spherical to subspherical in shape
with fine pores. Pores are subcircular to angular. Some
species have few big pores.
Measurements (in pm): Diameter of shells is "between
68 to 94". Mainly "between 80 to 86. Average of diameter
is 82.
Age: Late Permian (Early Djulfian).
Locality: (1) Jolfa Formation (Shammar Member), Aras
section (samples Ar-2, Ar-7, Ar-34, Ar-35, Ar-36, Ar-39),
south of the Aras Dam, Northwestern Iran. (2) Jolfa
Formation (Selgord and Shammar members), Kuh-e-Ali
Bashi (section 1; sample A12-26 and section 2; samples
A13-5, A13-12, A13-14, A13-16, A13-19), west of Jolfa,
Northwestern Iran. This species is also reported from the
Ruteh Formation (Murgabian) in the Shalamzar area,
Central Alborz, North Iran by Vaziri et al. (2005).
Occurrence: Worldwide.
Ellipsoidal Radiolaria A
(PI. 2, fig. 9)
Description: Shell is ellipsoidal in shape with clear pores.
Pores are angular. Some species have few big pores.
Measurements (in pm): Length of shells is 280. Diameter
of shells is 215.
Age: Late Permian (Early Djulfian).
Locality: Jolfa Formation (Selgord Member), Kuh-e-Ali
Bashi (section 2; sample A13-5), west of Jolfa,
Northwestern Iran. This species is also reported from the
Ruteh Formation (Murgabian) in the Shalamzar area,
Central Alborz, North Iran by Vaziri et al. (2005).
Occurrence: Worldwide.
Ellipsoidal Radiolaria B
(PI. 1, fig. 13)
Description: Shell is ellipsoidal in shape with clear pores.
Pores are subglobal to angular. Species have some big pores.
Measurements (in pm): Length of shells is "between 80
to 325". Diameter of tests is "between 64 to 155".
Average of length is 206 and average of diameter is 114.
Age: Late Permian (Early Djulfian).
Locality: Jolfa Formation (Shammar Member), Ilanlu
section (sample ll-23), south of the Aras Dam, Northwestern
Iran
Occurrence: Worldwide.
Ellipsoidal Radiolaria C
(PI. 2, fig. 10)
Description: Shell is ellipsoidal in shape with clear pores.
Pores are angular. There are four big subspherical pores on
the shell.
Measurements (in pm): Length of shell is 225. Diameter
of shell is 205.
Age: Late Permian (Early Djulfian).
Locality: Jolfa Formation (Selgord and Shammar
members), Kuh-e-Ali Bashi (section 2; samples A13-5,
A13-36), west of Jolfa, Northwestern Iran.
Occurrence: Worldwide.
Order POLYCYSTINA Ehrenberg, 1837, emend.
Riedel, 1967
Suborder SPUMELLARIA Ehrenberg, 1875
Family OBICULIFORMIDAE Pessagno 1973
Genus ORBICULIFORMA Pessagno, 1973
Orbiculiforma? sp. A
(PI. 1, fig. 14 & PI. 2, figs. 11, 12)
Remarks: Species in this genus are distinguished by
overall test size and shape; the relative size, shape and
depth of the central shell are depression, the characteristics
of the peripheral spines and the nature of the meshwork of
the test wall.
Description: Shell is circular and flat in outline. Shape and
depth of the central shell are depression. Pores are circular
or angular. Central cavity occasionally obscured by fragile
secondary meshwork.
Measurements (in pm): Diameter of shells is "between
190 to 450". Average of diameter is 298.
Age: Late Permian (Early Djulfian).
Locality: (1) Jolfa Formation (Shammar Member), Ilanlu
section (sample Il-23), south of the Aras Dam,
Northwestern Iran. (3) Jolfa Formation (Selgord and
Shammar members), Kuh-e-Ali Bashi (section 2; samples
A13-5, A13-36), west of Jolfa, Northwestern Iran. This
species is also reported from the Ruteh Formation
(Murgabian) in the Shalarnzar area, Central Alborz, North
Iran by Vaziri et al. (2005).
Occurrence: North and Northwestern Iran, South China,
Southwest Japan.
Orbiculiforma? sp. B
(PI. 1, fig. 15)
Description: Shell is circular and flat in outline with a big
cavity in center. Shape and depth of the central shell are
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depression, and central cavity flanked by prominent rim.
Pores are circular or angular.
Measurements (in .urn): Diameter of shell is 230.
Age: Late Permian (Early Djulfian).
Locality: Jolfa Formation (Shammar Member), lIanlu
section (sample 11-18), south of the Aras Dam, Northwestern
Iran. This species is also reported from the Ruteh
Formation (Murgabian) in the Shalamzar area, Central
Alborz, North Iran by Vaziri et al. (2005).
Occurrence: North and Northwestern Iran, South China,
Southwest Japan.
Family ENTACTINIDAE Riedel, 1967
Subfamily ENTACTINIINAE Riedel 1967; emend.
Nazarov, 1967
Genus ENTACTINOSPHAER Foreman, 1963
Entactinosphaera? sp.
(PI. 2, figs. 13-15)
Description: Shell is spherical to subspherical in shape
and spongy. Pores are subcircular or angular, and irregular
in arrangement. Some big pores are seen on the shell.
Outer shell has 2 to 4 spines. It is tentatively assigned to
this genus since its interior structures are unknown.
Measurements (in .urn): Length of spines is 50 in minimum
and 320 in maximum. Diameter of shells is "between 180
to 250" . Average of diameter is 220.
Age: Late Permian (Early Djulfian).
Locality: Jolfa Formation (Sharnmar Member), Kuh-e-Ali
Bashi (section 2; sample AI3-60), west of Jolfa,
Northwestern Iran.
Occurrence: Northwestern Iran, South and Southwestern
China, Central and Southwest Japan, Malaysia, Eastern
Thailand, Russian Far East.
Entactinia? sp. A
(PI. 1, figs. 5-7 & PI. 2, fig. I)
Description: Shell is spherical in shape and spongy with
short conical spines. Pores are circular or subcircular.
There are a few big pores on the shell. It is tentatively
assigned to this genus since its interior structures are
unknown.
Measurements (in ,urn): Diameter of shells is "between
84 to 205". Average of diameter is 170.
Age: Late Permian (Early Djulfian).
Locality: Jolfa Formation (Shammar Member), Aras
section (samples Ar-20, Ar-32, Ar-39) and lIanlu section
(sample [1-18), south of the Aras Dam, Northwestern Iran.
Occurrence: Northwestern Iran, South and Southwestern
China, Eastern Thailand, Central and Southwest Japan,
Malaysia, Turkey, Russian Far East, North America,
Philippines.
Entactinia? sp. B
(PI. 1, figs. 8,9 & PI. 2, fig. 4)
Description: Shell is spherical and spongy with short
conical spines. Pores are circular or subcircular, and
regular in arrangement.
Measurements (in .urn): Diameter of shells is "between
200 to 220". Average of diameter is 211.
Age: Late Permian (Early Djulfian).
Locality: (1) Jolfa Formation (Shammar Member), Aras
section (sample Ar-32), south of the Aras Dam,
Northwestern Iran. (2) Jolfa Formation (Shammar
Member), Kuh-e-Ali Bashi (section 1; sample A12-1O),
Jolfa Region, Northwestern Iran.
Occurrence: Northwestern Iran, South and Southwestern
China, Eastern Thailand, Central and Southwest Japan,
Malaysia, Turkey, Russian Far East, North America,
Philippines.
Entactinia? sp. C
(PI. 2, fig. 5)
Description: Shell is subspherical in shape and spongy
with fine pores. Pores are angular or subelliptical, and
regular in arrangement. Some big pores on the shell.
Measurement (in .urn): Diameter of shell is 180.
Age: Late Permian (Early Djulfian).
Locality: Jolfa Formation (Shammar Member), Kuh-e-Ali
Bashi (section I; sample AI2-26), west of Jolfa,
Northwestern Iran.
Occurrence: Northwestern Iran, South and Southwestern
China, Eastern Thailand, Central and Southwest Japan,
Malaysia, Russian Far East, Turkey, North America,
Philippines.
Genus COPIELLINTRA Nazarov and Ormiston, 1985
Copiellintra jontainei (Sashida, 2000)
(PI. 1, fig. 4)
Description: Shell is fusiform and spongy. Pore are
spherical or subspherical shape, fine, and regular in
arrangement. Shell has two spines which one of them is
broken. Number of pores in half-length of shell is about 40.
Measurements (in .urn): Diameter of shell is 64. Length of
shell is 76 and length of spine is 30.
Age: Late Permian (Early Djulfian).
Locality: Jolfa Formation (Shammar Member), Aras
section (sample Ar-36), south of the Aras Dam,
Northwestern Iran.
Occurrence: Northwestern Iran, Southwestern China.
Seyed Hamid VAZIRI and Akira YAO 31
Family ORMISTONELLIDAE De Wever and
Caridroit, 1984
Genus RACIDITOR Sugiyama, 2000
Raciditor? sp.
(PI. 2, fig. 3)
Remarks: The generic name Nazarovella was first used by
Kozur and Mostler (1979) for Triassic spherical
radiolarians (spumellarian or entactinarian) possessing
isometrically arranged spines with a quadrifurcated tip.
Based on Arts. 23 and 60 ICZN (1999). Sugiyama (2000)
proposed the replacement name Raciditor for Nazarovella
that is proposed by De Wever and Caridroit (1984), who
studied Permian stauraxon spumellarians from the Ulta-
Tamba terrane of SW Japan, and named those stauraxon
spumellarians having one short horn and three, long and
grooved arms forming a flattened tetrahedral structure as
Nazarovella.
This species is characterized by a small and inflated
shell with 3 cylindrical, elongate and equally disposed
arms; each arm with one row of circular to oval pores on
surface. Another short arm perpendicular to the other 3
arms.
Description: Shell of Raciditor (Nazarovella) is composed
of three arms. According to the description for this species
by Caridroit and De Wever (1986, p. 82-83), three long
arms of this species have U-shape or circular cross
sections. Here, species has two arms and one arm is
broken. Arms are made approximately U-shaped.
Age: Late Permian (Early Djulfian).
Locality: Jolfa Formation (Shammar Member), Kuh-e-Ali
Bashi (section 1; sample AI2-26), west of Jolfa,
Northwestern Iran.
Occurrence: Northwestern Iran, South and Southwestern
China, Eastern Thailand, Japan, North America,
Northwestern Peninsular Malaysia, Turkey, Philippines.
RADIOLARIA INCERTAE SEDIS
Genus AMPULLA Rudenko et Panasenko, 1990
Ampulla tubulata Rudenko et Panasenko, 1990
(PI. 1, fig. 3)
Remarks: Rudenko and Panasenko (1990) have
introduced this species for the first time.
Description: Shell is cylindrical in shape. Shell apex is
bent.
Measurements (in .urn): Shell apex has 157 lengths and
140 widths. Bending angle of apical part is 40 degree.
Wing is broken and has 36 lengths. Height of shell is 498.
Length from shell apex to wing is 249. Length from wing
to aperture is 183. Width of shell is "between 157 to 183".
Age: Late Permian (Early Djulfian).
Locality: Jolfa Formation (Shammar Member), Aras section
(sample Ar-9), South of the Aras Dam, Northwestern Iran.
Occurrence: Northwestern Iran, Russian Far East.
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Plate 1. Scanning photomicrographs of Late Permian (Early Djulfian) radiolarians from the Jolfa
Formation (Shammar Member), Jolfa Region, Northwestern Iran
Aras section
Fig. 1:
Fig. 2:
Fig. 3:
Fig. 4:
Fig. 5:
Fig. 6:
Fig. 7:
Figs. 8,9:
Spherical Radiolaria C, sample no. Ar-27.
Spherical Radiolaria C, sample no. Ar-34.
Ampulla tubulata Rudenko et Panasenko, sample no. Ar-9.
Copiellintrafontainei (Sashida), sample no. Ar-36.
Entactinia? sp. A, sample no. Ar-39.
Entactinia? sp. A, sample no. Ar-20.
Entactinia? sp. A, sample no. Ar-32.
Entactinia? sp. B, sample no. Ar-32.
llanlu section
Fig. 10: Spherical Radiolaria A, sample no. II-23.
Fig. 11: Spherical Radiolaria B, sample no. II-23.
Fig. 12: Spherical Radiolaria C, sample no. II-23.
Fig. 13: Ellipsoidal Radiolaria B, sample no. II-23.
Fig. 14: Orbiculiforma? sp. A, sample no. 11-23.
Fig. 15: Orbiculifonna? sp. B, sample no. 11-18.
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Plate 2 Scanning photomicrographs of Late Permian (Early Djulfian) radiolarians from the lolfa
Formation (Selgord and Shammar members), lolfa Region, Northwestern Iran
l1anlu section
Fig. 1: Entactinia? sp. A, sample no. 11-18.
Ali Bashi section 1
Fig. 2: Spherical Radiolaria C, sample no. AI2-26.
Fig. 3: Raciditor? sp., sample no. AI2-26.
Fig. 4: Entactinia? sp. B, sample no. AI2-1O.
Fig. 5: Entactinia? sp. C, sample no. A12-26.
Ali Bashi section 2
Fig. 6: Spherical Radiolaria A, sample no. AI3-19.
Fig. 7: Spherical Radiolaria B, sample no. Al3-36.
Fig. 8: Spherical Radiolaria C, sample no. A13-19.
Fig. 9: Ellipsoidal Radiolaria A, sample no. Al3-5.
Fig. 10: Ellipsoidal Radiolaria C, sample no. AI3-36.
Figs. 11, 12: Orbiculiforma? sp. A, sample no. AI3-36.
Figs. 13-15: Entactinosphaera? sp., sample no. AI3-60.
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